Broiler carcass quality can be improved by conventional selection techniques. In this regard, an experimental "quality" line (QL) was selected for high breast meat yield. We analyzed the effects of this selection on the dietary lysine requirement in chicks from 0 to 3 wk. Control (CL) and QL chicks were provided ad libitum access to isoenergetic diets containing 20% crude protein but differing in their lysine content (0.75, 0.88, 1.01, and 1.13%). Two-way ANOVA showed a significant effect (P < 0.01) of genotype on body weight, growth rate, feed intake, and weight of Pectoralis major and Gastrocnemius muscles. Conversely, the Sartorius muscle weight was not modified (P = 0.21) by genotype. Lysine deficiency markedly reduced body weight, growth rate, and feed intake, and increased feed conversion ratio (P < 0.001). Low dietary levels of lysine also depressed the weight of Gastrocnemius, Sartorius, and P. major (P < 0.001). The body or muscle weight response to diet lysine concentration depended on the line, with QL chicks appearing less sensitive to lysine deficiency. Consequently, their dietary requirements could be lower. Finally, when weight gain and P. major muscle protein deposition were plotted against lysine intake, QL chicks appeared to be more efficient than CL chicks. The underlying mechanisms responsible for this await clarification.
INTRODUCTION
For many decades, breeding companies have used a growth criterion in their selection programs. At the present time, the aim is to increase meat yield, especially the proportion of breast muscles. An experimental selection program was initiated by Ricard et al. (1994) and Ricard and Marche (1993) , which yielded birds with high breast development and low fatness (Quality line, QL); a control line (CL) was kept in order to facilitate comparisons between lines and to precisely estimate the genetic gain in each generation.
Dietary amino acids are also major determinants of the carcass components of broilers, as abdominal fat content and breast meat yield are greatly influenced by their levels (Moran and Bilgili, 1990; Grisoni et al., 1991; Holsheimer and Veerkamp, 1992; Leclercq, 1995; Johnson, 1996) . Moreover, we have previously reported that lysine deficiency affects chick growth and greatly reduces breast muscle weight and proportion compared to other muscles (Tesseraud et al., 1996b) .
In the present study, we investigated the effects of dietary lysine supply on growth performance, develop-ment, and protein deposition of different muscles in QL and CL chicks. Three types of skeletal muscles were chosen on the basis of their histochemical properties, the Pectoralis major (a breast muscle, entirely fast-twitch glycolytic fiber type), the Sartorius, and the Gastrocnemius pars externa (two leg muscles, mixed-fiber-type).
MATERIALS AND METHODS
The following two experimental lines of chickens were used: a CL, which was randomly reproduced, and a QL selected for increased body weight and improved carcass quality (higher breast meat yield and lower percentage of abdominal fat). Both lines had a common genetic background obtained by crossing several lines of commercial "Cornish" and "White Rock" types, and experimental lines. The method of selection as well as growth parameters and carcass characteristics of these lines have been described by Ricard et al. (1994) and Le Bihan-Duval et al. (1997) . At the eighth generation, at 6 wk of age, QL were thus 8% heavier than CL chickens, abdominal fat percentage was 21% lower, and pectoral muscle percentage was 11% higher. In the present study, approximately 160 day-old chickens from each line selected for nine generations were placed in heated kcal ME/kg (calculated), or the basal diet supplemented with either 1.6, 3.2, or 4.8 g/kg L-lysine-HCl. These four diets contained 0.75, 0.88, 1.01, and 1.13% lysine, respectively (analyzed). Feed and water were available for ad libitum consumption throughout the experiment. At 1 wk of age, chickens from each line (CL and QL) and each dietary treatment were weighed, the lightest and the heaviest birds in each group were excluded from the experiment, and the remainder placed in individual cages (144 in all). Weights and feed consumptions were then recorded weekly. At 2 wk of age (on Days 13 to 14), six to eight birds per group were slaughtered after a general anesthesia (Tiletamine-Zolazepam, Zoletil 2 ). The selected chickens displayed body weights and growth rates similar to the group mean. After euthanasia by exsanguination, the left P. major and Sartorius muscles were excised, weighed, frozen in liquid nitrogen, and stored at -20 C until analysis. Similarly, at 3 wk of age (on Days 20 to 21), three types of muscles (P. major, Sartorius, and Gastrocnemius) were excised in five to seven birds per group.
Dietary protein content was measured as nitrogen by the Kjeldahl procedure (Procedure V18-100; AFNOR, 1985) . The dietary lysine content was determined by ionexchange chromatography on an autoanalyzer (Biotronik, Amino acid analyzer LC 5001) using the Procedure V18-113 (AFNOR, 1993) . More precisely, lysine content in the basal 0.75% lysine diet was determined after 23 h acid hydrolysis with 6 N hydrochloric acid at 115 C; for the other experimental diets, the amount of added lysine was measured after an extraction with 0.1 N hydrochloric acid.
Frozen muscles were finely pulverized in liquid nitrogen and prepared as previously described (Tesseraud et al., 1996a,b,c) . Muscle protein content was measured according to Smith et al. (1985) by the colorimetric reaction with bicinchoninic acid. 3 Muscle protein deposition rates were assessed for P. major and Sartorius muscles according to a procedure described by McDonald and Swick (1981) .
Statistical Analysis
Values are given as means ± SEM. Homogeneity of the variance between treatments was verified by Bartlett's test (StatView, Abacus Concepts 4 ) and a two-way ANOVA (SuperAnova, Abacus Concepts 4 ) was performed to define the effects of line and diet, and the line by diet interaction on growth performances and muscle development. Interaction between line and diet was rejected from the model when not significant. In this case, and because the data were unbalanced, least squares means were calculated for the various levels of each main effect, then compared by a t test. Polynomial regressions (StatView, Abacus Concepts 4 ) for growth performances and muscle development against lysine intake were established for each line using individual chick data; parameters of these regressions were compared by a t test (Snedecor and Cochran, 1971 ).
RESULTS AND DISCUSSION
Means for each diet and line combination, and least squares means for the various levels of the main effects (diet and line) are presented in Table 2 . Two-way ANOVA showed significant effects of diet (P < 0.001) and line (P < 0.01 or 0.001) on chick growth performances. Firstly, decreasing dietary lysine level depressed body weight and weight gain in 3-wk-old chicks (to 30 to 40% decrease according to the genotype), in agreement with our previous data (Tesseraud et al., 1992 (Tesseraud et al., , 1996b . Secondly, body weight and weight gain were increased by selection for carcass quality. Even though the interactions between line and diet were not significant, line-related differences in body weight and weight gain appeared very reduced when chicks received diets well-balanced in lysine (with 1.01 and 1.13% lysine diets, variation between lines lower than 5%) and were more pronounced for chick groups receiving lysine-deficient diets (with 0.75 and 0.88% lysine diets, approximately 15 to 20% increase in QL chicks). Indeed, with moderate dietary lysine deficiency (0.88% lysine in the diet) compared to an adequate lysine supply, growth was not modified in QL chicks (reduction lower than 5%), whereas it was decreased by approximately 15% in CL chicks. Growth in QL chicks was clearly affected only under the conditions of the more severe lysine deficiency. For feed consumption, significant effects of diet (P < 0.001) and line (P < 0.01) were observed. Lysine deficiency had a slower and less pronounced effect on appetite in QL chicks than in CL chicks, for which feed intake decreased as soon as the 0.88% lysine diet was given. Finally, decreasing dietary lysine level increased feed conversion ratio (feed intake: weight gain ratio, FCR) by approximately 15 to 20%, depending on the genotype. A variable line effect was observed on FCR (P = 0.06 or < 0.05). For this criterion, as well as for growth parameters, the two genotypes exhibited different sensitivity to lysine deficiency: in particular, FCR was lower in QL chicks than in CL chicks when both were fed on the diet containing 0.75% lysine.
Dietary treatment had a significant effect on muscle development (P < 0.001; Figure 1 ). Lysine deficiency decreased the weight of the P. major (to 50 to 55% decrease depending on the genotype), Gastrocnemius (35 to 45% decrease) and Sartorius muscles (20 to 30% decrease). Dietary treatment especially affected P. major, as previously observed (Tesseraud et al., 1996b) . This muscle could represent a major protein store and become a source of amino acids in deficiency states. With respect to the line effect, the results were similar for body weight and weights of P. major and Gastrocnemius muscles: two-way ANOVA showed significant line effects (P < 0.01); differences between lines appeared only under deficiency conditions. The absence of a significant divergence in body weight and P. major muscle weight in these 3-wk-old chicks receiving adequate well-balanced diets is, however, not surprising, because selection on carcass quality was performed on parameters measured at 6 wk of age (Ricard et al., 1994) ; QL chicks were less sensitive than CL chicks to lysine deficiency. For groups receiving lysine-deficient diets, the weight of P. major and Gastrocnemius muscles were higher in QL chicks than in CL chicks: with the 0.75% lysine diet, 18 and 23% increase for the P. major and Gastrocnemius muscles, respectively; with the 0.88% lysine diet, 33 and 22% increase, respectively. Conversely, the Sartorius muscle responded differently and its weight did not change significantly between genotypes (P = 0.21).
We analyzed the effect of lysine supply in the two genotypes by considering growth or muscle weight responses in relation with dietary lysine concentrations. However, as reported by Leclercq and Guy (1991) , Leclercq et al. (1993 ), D'Mello (1994 , and Leclercq (1995) , it is also important to consider feed consumption. In the present study, the fact that responses to changes in dietary lysine supply depend on the genotype (see below), and, consequently, that lysine requirements differ in QL and CL chicks, could be due to line-related variations in feed intake. In particular, when birds received diets containing 0.75 or 0.88% lysine, QL chicks ate significantly more feed (Table 2) . To take this difference into account, body weight gain was plotted against lysine intake. Furthermore, the calculated protein deposition for the P. major and Sartorius muscles were also plotted against lysine intake. Polynomial regressions were established for each line (Table 3) . Regarding growth rate and P. major muscle protein deposition, the results of t-tests showed a significant difference between the two lines for most parameters, which suggests a difference of response to lysine intake according to the line. In particular, the B value was significantly higher in QL chicks (48 and 58% increase for body weight gain and P. major muscle protein deposition, respectively), suggesting a more efficient utilization of lysine in the latter line. Conversely, the two lines did not exhibit different responses of Sartorius muscle protein deposition to lysine intake, as the parameters of the polynomial regressions were similar.
Growth and carcass quality of chicks were therefore modified by genotype and dietary amino acid balance. In the present study, the response to a lysine deficiency depended on the genotype (QL or CL). In the literature, relatively few studies or reviews have considered interactions between genotype and dietary amino acids. However, it seems that genetically different lines or strains can differ in amino acid utilization and requirements (comparisons of fat and lean lines: Leclercq and Guy, 1991; Leclercq et al., 1993 Leclercq et al., , 1994 Moran, 1994; Leclercq, 1995;  comparisons of slow-and fast-growing chickens: Han and Baker, 1991) . In addition, several authors have reported an interaction between genotype (comparisons of fat and lean lines) and amino acid metabolism (McLeod and Geraert, 1988; Saunderson, 1988; Geraert et al., 1990; Leclercq, 1995; Tomas and Pym, 1995) . In our experimental model, different responsiveness by CL and QL chicks to changes in dietary lysine intake could also be explained by differences in protein metabolism or in its control. The regulation of protein deposition-by amino acids and genotype-has to be further explored. This exploration will involve the quantification of the different components of protein metabolism. Indeed, the metabolism of proteins is characterized by a dynamic state: proteins are renewed, i.e., continuously synthesized and degraded.
In growing animals, protein synthesis is higher than proteolysis (or protein breakdown), resulting in protein deposition. Differences in body and muscle growth, and consequently in protein deposition, are thus due to variations of protein synthesis, proteolysis or both.
In conclusion, dietary lysine deficiency greatly affected body and muscle growth, irrespective of line. The CL chicks were more sensitive to this dietary deficiency than QL chicks. The response to lysine supply also differed between the two genotypes even when differences in food consumption were taken into account. Further investigations on protein turnover in various muscles need to be undertaken to improve understanding of the metabolic control by amino acids and genotype.
